For the first time in Ukraine, a virus disease of elderberry (Sambucus nigra L.) was found. Plants with symptoms of a viral infection were found in 2015-2016 in the Poltava region, in 2016 the same symptoms on elder plants were disfigured in the Kiev region. The symptoms of the disease and the morphological properties of the virus were studied. We found plants with chlorotic symptoms, mosaic and chain mail, plants rolling on the tops of leaves, and twisting the edges. In the leaves of infected plants, filamentous virions with a particle length of 650 ±50 nm were detected by the method of electron microscopy. Based on the scientific literature data, viruses that can infect elder plants in Ukraine are screened. The levels of lipid peroxidation in older plants under conditions of viral infection and heat stress were studied. It is shown that a viral infection significantly reduces the content of TBA-active products in elder plants. The content of malonic dialdehyde significantly increased under conditions of heat stress in plants with symptoms of viral infection. At the same time, the content of TBA-active products in the leaves of healthy plants was insignificant. This indicates a negative effect of viral infection on the antioxidant system of elder plants. Further studies are needed to establish the systematic position of the detected viral particles and to create diagnosticums for the detection of these viruses. It is also necessary to study the ecological links of viruses identified in elderberry.
Introduction
Plants of genus Sambucus L. have a number of potentially useful medicinal attributes including diuretic, diaphoretic, purgative and hemostatic properties. These effects must be due to the presence of chemical compounds with pharmacological activity. For instance, polyphenolic substances have been associated with antioxidant action (Kiselova et al., 2006; Ebrahimzadeh et al., 2014) . The cyan colour of the ripe elder fruit is due to several anthocyanidins such as cyanidin-3-O-glucoside. This anthocyanidin is especially important since it has been found to inhibit the growth of cancer cells and tumor xenographts in immune-deficient mice (Ding et al., 2006) . In addition, studies have shown the possibility of using elderberry to control and prevent hyperglycemia in dietary supplements that restore the normal metabolic environment, which reduces the long-term complications associated with diabetes. It has been found that the aqueous extract of elder has significantly increased the transport of 2-deoxy-glucose, glucose oxidation and glycogenesis of mouse abdominal muscles in the absence of insulin (Gray Alison et al., 2000) .
It is know that in addition to the general structural and enzymatic protein characteristics of plant species, Sambucus contains bioactive proteins like single-and two-chain lectins and ribosomeinactivating proteins (Girbes et al., 2004; Lapadula et al., 2013) . The biological role of all these proteins is as yet unknown. The evidence suggests that they could be involved in the defense of the plant against predators and viruses or/and a nitrogen store, with an impact on the nutritional characteristics and food safety Tejero et al., 2015) . Viral diseases of elderberry plants first described in 1925. А mosaic of Sambucus canadensis L. was identified in Pennsylvania, Florida and Wilkinson, the simptoms of disease were similar of disease to be caused by tobacco ringspot virus (Martin, 1925) . Tomato ringspot virus and tabacco ring spot virus have been detected in native Sambucus in New York (Gilmer and Kelts, 1968; Hansen and StaceSmith, 1971 ). Most reports of elderberry infecting are about Cherry leaf roll virus and carlaviruses. Blueberry scorch virus (BlScV), Elderberry symptomless virus (ElBSV) and several other putative members of the genus Carlavirus (family Betaflexiviridae) have also been reported in elderberry (Van Lent et al., 1980; Ellis et al., 1992; Cavileer et al., 1994; Kalinowska et al., 2013) . There is report about infecting of Sambucus canadensis plants by filamentous virus which similar on morphological features to carlaviruses (Jones, 1972) . Subsequently, the virus was detected in the Netherlands and was named Elderberry virus A (Van Lent et al., 1980) . Recent studies of elderberry samples (Sambucus spp.) from Missouri (USA) showed infecting of these plants with two different viruses, which also belong to the genus Carlavirus (Keller et al., 2015) . Five novel carlaviruses tentatively named as Elderberry virus A-E (ElVA-ElVE, respectively) were discovered (Ho and Tzanetakis, 2014; Ho et al., 2016) . Several viruses are known to cause detrimental symptoms in both American and European elderberry including members of the family Bromoviridae (Way, 1981) , such as cucumber mosaic virus (CMV).
However, only in a few instances symptoms observed on diseased Sambucus plants were reported to be correlated with the virus isolated from them. Grbelja (1972) and Schmelzer (1966) proved that the vein clearing, chlorotic spots, rings and line pattern in Sambucus racemosa L. were caused by CLRV. Similar symptoms in Sambucus nigra L. were shown to be evoked by either CLRV (Grbelja, 1972; Jones, 1973) , or TBRV (Schmelzer, 1966) , and those in Sambucus nigra L. ‚Aurea' by GEV (Hansen and Stace-Smith, 1971 ). Tobacco ringspot virus was shown to be responsible for ringspotting, vein clearing and dark-green mottle in S. canadensis L., whereas TNV was proved to be the killing agent of apical buds and leaves of this Sambucus species (Van Lent et al., 1980) .
In experiments with Sambucus pubens Michx. plants inoculated with the filamentous virus remained symptomless, whereas those inoculated with CLRV or with a mixture of CLRV and the filamentous virus exhibited concentric chlorotic rings, (ring) spots, line pattern and mosaic (Van Lent et al., 1980) . Thus, there is a lot of data on infecting Sambucus plants in the world. There are separate reports about the study of viruses, which infecting elderberry in Eastern Europe, particularly, in Poland (Pospieszny et al., 2004; Kalinowska et al., 2013) , Croatia (Grbelja, 1972) , Hungary (Horvath et al., 1974) . Dissemination of viral diseases of elderberry in Ukraine has not been investigated until now.
There is also little information on the effect of viral infection on antioxidant status of elderberry plants, particularly on the activity of lipid peroxidation (LP). As viral infection is a stress factor comparatively to the plant, the activity of LP in the context of viral infection should change some way. Free radical oxidation disrupts the structure of many molecules such as proteins, amino acids, activates proteolytic enzymes in the cell, which hydrolyze damaged proteins. Active forms of oxygen easily break the structure of DNA. The main substrate of LP is polyunsaturated fatty acid chains, which are part of cell membranes, also lipoproteins. Particularly, the activity of the LP increases with the combined action of stress factors, for example, the influence of the pathogen and increased temperatures. Such stress conditions can cause a displacement in the balance between LP and antioxidant activity in cell, which in turn leads to accumulation of substances that degrade the quality of plant material and reduce its therapeutic properties. Therefore, the purpose of our study was to detect viruses, that infect elderberry on the territory of Ukraine and to determine the influence of viral infection on activity of LP.
Materials and methodology
For diagnostics of viruses in the plants applied the methods of visual diagnostics and transmission electronic microscopy (EM). Contrasting has been made with 2% solution of phosphorus-tungstic acid. Virions are investigated using electron microscope JEM 1230 (JEOL, Japan). The level of lipid peroxidation in the leaf tissue was measured in terms of malondialdehyde (MDA, a product of lipid peroxidation) content determined by the thiobarbituric acid (TBA) reaction (Jambunathan, 2010) . A 0.25 g leaf sample was homogenized in 5 ml 0.1% TCA. The homogenate was centrifuged at 10 000 g for 5 min. To 1ml aliquot of the supernatant 4 ml 20% TCA containing 0.5% TBA were added. The mixture was heated at 95 °C for 30 min and then quickly cooled in an ice-bath. After centrifuging at 10 000 g for 10 min the absorbance of the supernatant at 532 nm was read and the value for the non-specific absorption at 600 nm was subtracted. The concentration of MDA was calculated using its extinction coefficient of 155 mM/cm. To create the heat stress effect, the leaves were placed for 1 h in a thermostat at a temperature of 35 °C. The control plants had no symptoms of viral infection and were exposed at room temperature. The extinction values (the optical density) of the samples were processed by statistical analysis of Student's criterion, quoted by Atramentova and Utevskaya (2008) . The confidential intervals were at a significance rate of P ≤0.05 of Student's.
Results and discussion
Under observations of wild elderberry plants in Poltava (2015 Poltava ( -2016 and Kyiv (2016) regions we detected plants with chlorotic symptoms, mosaic and ringspotting ( Figure 1 ). As well, plants rolling of leaf tops and twisting up the edges of the leaves were identified (Mishchenko et al., 2016) . Number of affected plants accounted for over 20% of surveyed wild elderberry. It should be noted that analysis of world scientific literature on elderberry viruses showed that the most common symptom is chlorotic mottling ('blotching') and induced by many viruses. Filamentous virions 650 ±50 × 12 nm were found in the elderberry leaves conducting the transmission electron microscopy method (Figure 2 ). Viral particles are morphologically similar to viruses of the genus Carlavirus (family Betaflexiviridae). It is known that the viruses that infect elder plants belong to this genus (Ho and Tzanetakis, 2014; Ho et al., 2016) , but for final clarification it is necessary to carry out immunological and other molecular studies. However, in infected leaves of elderberry, the content of malondialdehyde was significantly lower in optimal temperatures and was only 46% to healthy control. Under conditions of thermal stress, the content of MDA in diseased plants was increased by almost 5 times, compared to plants that were not exposed to thermal stress, and 2.3 times higher than in healthy plants exposed to increased temperatures. Thus, changes in the content of TBC-active products in the juice of infected elderberry plants indicate the activation of LP under conditions of temperature stress.
The results of our studies indicate the negative impact of viral infection on the antioxidant status of elderberry plants. Evidently, that the viral infection acts as an abiotic stress, in effects of which the protective reserves of the antioxidant system of the plant are exhausted. Future times, this state of elderberry plants will reduce the viability of plantings and early death of plants. In addition, under the conditions of double biotic and abiotic stress in plants, toxic products can accumulate which will reduce the nutritional quality of elderberry and will lead to deterioration of medicinal properties of substance from this plant. Further research on the ecology of viruses is needed, which infects the elderberry plants in Ukraine, to establish their transmission pathways in ecosystems and molecular biological studies to clarify the species' belonging to this group of viruses.
Conclusions
This is the first report about viral disease of elderberry plants of Sambucus nigra L. in Ukraine. The filamentous viral particles were detected in plants with symptoms of mosaic, chloratricity and ring spots. It was shown that under the conditions of viral infection, the activity of LP in the elderberry leaves is changing.
